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£ T Box Behnken Mgz EE L O RHR HUIRE IgY HIH)
ZF R AN B2 R B 12 5E
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(1. Rk B 201306)
2. BWAG TS TR R L BiE 201306)
(3. RS B 201306)
(4. BilEhg HACARA R B#E 200333)

 ZE. [84] #8 Box Behnken "» i @ kAR LEIKREE Y (IgY)F A T o kLI H
(Porphyromonas gingivalis)#) 2 K ZFE 4, IO IAEWIRSE T P. gingivalis 49°m R ALS IgY
A Z. ¥ P. gingivalis % . BRI X FZ. [FE]1 VA P. gingivalis 469 8 H28 A 740
1845, BiTEEERBAREAME . IgY F S P. gingivalis 35 RAELM, BIRE
Box Behnken ¥ 484~ M3% 4+ = B & Z/K-Fom o @ X3 #ATHAL, R0 IgY a3 &0k, RALEF
BRI T A 30k, UAREER e, [4R] LB L XBLREAY, vA 180 mmol/L
49 1gY #1%, 2x10° CFU/mL #4#1%5 P. gingivalis %, 37 °C RA3E5 4 h, 0 BEREMIRE IgY
st P. gingivalis %74 6937 7A L | k4EIR A, 181L Design Expert 8.0 #4F x4 & )2 75 £2 64 547 47 2|
BB ERAAELNM A IgY A F 165 mmol/L. #1144 P. gingivalis 3% 2x10° CFU/mL. 370 4]
45h, RAKAEIREM, 4 3 kK%, P.gingivalis RAH %32 5.92x10° CFU/mL, 542
R FRMAE 5.85%10° CFU/ML ABAHIR £ 1%, 7 Z5ATAAHA PAARE, SR/ PAARIE,
WA RRMEME BAF. [48] 1gY AR Z 4 T etk Io @ o938, KA 1 IsAE
IFEF 69 P. gingivalis RAH BB E K, =R BTN O ISR Y P. gingivalis
893574,
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Optimization of IgY inhibiting Porphyromonas gingivalis
proliferation in oral simulation environment based on Box Behnken
design response surface methodology
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Abstract: [Objective] Box Behnken design response surface methodology was used to optimize the
colony count of IgY against Porphyromonas gingivalis in oral simulation environment in order to
find the appropriate dose of IgY, initial density of P. gingivalis and culture time. [Methods] Final
colony count was used as the evaluation index, on the basis of single factor tests. Box Behnken RSM
was used with three factors such as number of colonies at different dose of IgY, initial density of P.
gingivalis and culture time in the artificial saliva. The experiment was repeated three times under the
optimal conditions to verify the accuracy of the model. [Results] The results of single factor test
showed that IgY had the best effect on the reproduction of P. gingivalis by the dose of 180 mmol/L
IgY, the initial amount of 2x10° CFU/mL P. gingivalis and the incubation at 37 °C for 4 h. The
optimum culture conditions were as follows: dose of IgY was 165 mmol/L, the initial amount of P.
gingivalis was 2x10° CFU/mL, culture time was 4.5 h. Under these conditions the final number of
colonies was 5.92x10° CFU/mL. Compared with the predicted value of 5.85x10° CFU/mL, the
relative error with the theoretical value was 1%. Analysis of Variance showed the P value of the
model was significant, and the missing P value was not significant. The theoretical value was in good
agreement with the measured value. [Conclusion] The number of colonies of P. gingivalis in the
simulated oral environment was significantly decreased, which indicated that the regression model
could be a good predictor of the response of P. gingivalis in the oral cavity.

Keywords: Response surface methodology, Box Behnken design, Immunoglobulin of yolk,
Porphyromonas gingivalis
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PIEERE T Y (1Y) AR PEDU ORI T
MBS B bk EL AR ™ A 5 7 21 B 2P 1 22 e
Pkl e 1Y SFLEhY 1gG B MR Y
Difg, BEMIE—ER, 1gY FRMZHREE
PRBULEREA S ISP S 40 E 1Y) Fe 320 Bk
MRS, BARSEA A, HA G S REH
TAVEE RS R, Bk RIRTLEhY) 1gG 4
PR FATE S R T TgY RIS R HTE
FRRARN IR T PR G2 A6 0 VS 4 1 107 PR AR T
EPN//RE

IgY FEE MM RE ORI A AR i, ]
B 1Y B A0 B B RE B A A AL i oK
WY, (AT REAO A AL -5 R RELAR 1 L PR Ay

WEAER . 52 TP RSO B DATE M ORIl 45 69
SEAL IR PR AR G . LRI 1gY BRREHIHI K AA AT
P K88 FHFRHT 4 I A, whoas B A i RR R AN
Jif e R e ) it i e o 240 X 4 B €T A BR T T
AWEAERCL B 1gY sh#ikl k¥ T B G
VR, B2 201 20 T 2 R385 S LA
JRASOR T T IR A, g8 BIIR  JE 9580 75 52 5%
ORI FEC W IgY R AR A B
A AR E, FERARIIT IgY I
R A 3 B0 T A R P Wk B L B (Porphyromonas
gingivalis) . HAZWATE (Fusobacterium nucleatum)
rh1E]E [ (Prevotella intermedius) S5 WAE A4,
R B TgY il A iR 42 iV AL
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% Ffl Box Behnken Wy [ TF3, @1 5644
LGB, R4 O BRI Igy i P
gingivalis R EFHOWEN, KB 1gY 0 A h 48 5L
o TR A RN IR PR L TR A PR R, O TgY il 2 i
RAEHPLEIDIFE TN 1Y 78 I A B Behilh
1 HRETE
1.1 KIE#

111 E#: AR (P. gingivalis) K H I
TN H AL BRA Rl A s s s

1.1.2 EERAFIFLIE: UL P. gingivalis HPT)R SR
JEREXG, S ONEE, SRR SRR IESE
Baifis®) 1gY, RisEhng H A BRA "I
SR KR o VEMIE, Sigma 23w HE 533
LRI N7 (BHY),, 5 5 AR YR A FRA A
HoAhaFA 8 R o3 fr sl . B EEITH(Te), b
T LA A BR TR ]

1.2 SRETE

121 ATEERAYEH]: 204 Shellis" 'l Saunders

02y grvk . 4 1 000 mL A THEWR H & 1LE 0
HEWE 1,

Sel AR, R, S nEA.
JULTEF 0 R A G 7R /K B s 100 f v 48 V&5
HAh AL & Ppdc AR IS FZEIR/K E 45 2 1 000 mL,
1x10° Pa KT 15 min, M. SCHRT, 7EICH &1
TIMAZIR . diER . AEE. AER . WU,
R0 . KGR AT o-TE A i
1.2.2 EEES: BN FREN P gingivalis H55p
SR Co IR A 17 (BHD) IR ARG FR 1 TR TR S 5%, 1%
FRM A 37 °C PRASEFR 48 h, FIMmER T4,
YETEFGLF] 1x10° CFU/ML WA HE ),
A FRER K TR 21 3%10° CFU/mL £
1.2.3 OFEPIEMERIZEIL: 78 5 mL 38 n
A4 mL A THERA 1 mL #K, 37 °C & FREA
Fig®, TE 0—14 h ] FH S Fo v e I <CRH (422 5= f )
TROAE (PR B e e BT A 5 I ) ) SRR 2, ol
TR 650 nm AR YGAE , 35S AR AT pH &
SR pH 1EL

F1 ATLREREIE S

Table 1 Preparation of artificial saliva

EAS &t HFR JiENe
Name Dosage (mg) Name Dosage (mg)
442 B1 Thiamine 0.007 0 # % Riboflavin 0.050 0
M2 Folic acid 0.000 1 JHER Nicotinic acid 0.030 0
442 B6 Vitamin B6 0.600 0 JZI& Calcium pantothenate 0.080 0
£ Biotin 0.000 8 4= % B12 Vitamin B12 0.003 0
4i4E % K3 Vitamin K3 0.015 0 WEIR Ala 3.300 0
R Arg 1.900 0 REHR Asn 1.600 0
BER Glu 3.900 0 HE® Gly 8.900 0
HAMR His 1.000 0 SEEPR Leu 3.400 0
AR e 1.900 0 R Lys 2.700 0
&R Met 0.030 0 ZRINZZ Phe 3.400 0
[ R Pro 0.200 0 Y HFR Ser 2.100 0
JNEATR Thr 2.900 0 B ER Tyr 2.100 0
R Val 1.800 0 R —&H KH,PO, 355.000 0
SN NacCl 15.000 0 RFR A0 NaHCO; 375.000 0
FZ& Bovine albumin 25.000 0 Ak NHLCI 235.000 0
SFALES CaCly 210.000 0 FAEE MgCl, 45.000 0
Sk KCl 1 160.000 0 i EERH KSCN 220.000 0
K1 Mucoprotein 2500.000 0 , JR# Urea 175.000 0
JRER Uric acid 10.000 0 i WUBF Creatinine 0.100 0
JHA Choline 15.000 0 ! a-JER G a-Amylase 3x10°U
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1.3 BEZRAEEIT
1.3.1 1EFIT RN BRI P. gingivalis J&T
PR RAAEORI, AR 36.3-37.2 °C, Jr
PURTRTE 37 °C 450 P47, LA 2x10° CFU/ML fyHk
FERERD R TMER R, 37 °C IREH:FE 10 h, 235
TEO0, 2. 4, 6. 8, 10 h X A TMERIA R HEA TG
(BRI, Rl o 2 T SEA TR B ] BE A TR 95 5
CEA Yy Sing s
1.3.2  #14& P. gingivalis 2R S HMEM: 4+
P KBS 1.0x10°, 1.5%10°, 2.0x10°,
2.5x10°, 3.0x10° CFU/mL 5 NS, $RhE A TR
W, 37 °C PRAEREFE 4 h A ORAE , A TSR,
SRR
133 IgY FIEXNEEEREZM: PR R IgY
% 3.6.90. 180,270,360 mmol/L, ¥4 2x10° CFU/mL
PR RN B TRV, LA S AR BE R TgY 4525,
37 °C JRABESR 4 h IS ROR(E, THHE %L, 15
F A 1gY .
1.4 NSz 3 i1t

T Box Behnken i N [T, ZRA A
FiAIO AR, EBUEIRRIA] . WG P. gingivalis %X
A Y fli 3 ANEER, ERE R ER
KA 3 &R 3 KM 4T ik, #E Design
Expert 8.0 #F A iAI0 1t , il R R 5Kk
TR 2.
2 HREHH
2.1 OFEIIRERYE L

W A S N TR, 37 °C IRERGFE 14 h

F2 MEESHREERSKFE
Table 2 Analytical factors and levels for RSA
EES K Levels

Factors =1 0 1

IgY #& Dose of IgY (mmol/L) 3.6 180.0 360.0

WIh P. gingivalis 50 1x10°  2x10°  3x10°
Initial P. gingivalis quantity

(CFU/mL)

R 7%} ] Incubation time (h) 0 4 8

Jei . R S RS S AR AR I SRR £ (A 1),
650 nm AMNWGAE , PRARIESRIE 2T A RVREL,
X BV OB AR L (] 2)

FREERG B IARE UG 650 nm AR G(E, 15
3| P. gingivalis FrUEMZ y=6x10"x-0.003 5,
R?=0.997 4,

WA 2 Fi7s, P. gingivalis 1€ 37 °C JREE T
9% 12 h Jawva Euth 280y S B4k, a0k
YA S, R MER A TR TR 2
P. gingivalis WK, [FI;, P. gingivalis TE5%
F2E] 2 h BFRIFFGS 1A AR RS, AT
JNE, 7E 10 h kBT, AT El, P. gingivalis
TEN T AR R, IR AN R AR R 1 <R
Wy, IAE I O AR R B v i oh

S -o- Gaseous phase
4L Liquid phase
5
=
E 3L
k=
S
S2F
=
=
1k
0 o*—. L 1 L L 1 |
0 2 10 12 14

6 8
1(h)
1 Bf[E)-ORiEHh&E

Figure 1 Effect of time on bad breath index of P.

gingivalis

82
8.1r

8.0

Colony number log value

¢ (h)

2 P.gingivalis B4 #h 2%

Figure 2 Growth curve of P. gingivalis
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22 BEZRAEWER

RIGHTIE A RS20 1 B IR IgY ARl
FE . P. gingivalis WEGE W] IHH BRI A1E 55 SR 0]
], R TR B F BT 0 55 77 2k 1k
Pt o A7 Box Behnken #5443 LA b7 {5z i A AL
JIT AT Fry i 7 RID TRV 0 48t oAy 0 0P BG4
(R b FE 2K

BRI A B VS M . A 2x10° CFU/mL
(e FERERD B L TV P, 180 mmol/L (15 25 2
IgY, 37 °C JREAREFE 10 h, £:BE 2 h PIER ) ODeso
HAEIRERL, 250 0K 3 s, ATHER A P.
gingivalis WK EFHPRMLTFT &%, (B 1gY AFAE
BAMG P. gingivalis "R ZFEIVER, KR
JEWR R B, RS BT RS, $) 4 h
A F B A

Wile P. gingivalis B0 X WVE AR . L
1.0x10°,1.5x10%,2.0x10°, 2.5x10°, 3.0x10° CFU/mL
5 AR EI TR H, 180 mmol/L M5 45
2§ 1gY, 37 °C KR 4 h, KWAFBILE P.
gingivalis BURA M RTEE, WA 4 B, {5
BT R AR A%, i ELRERWILR P. gingivalis
BORM TS, WNEAGE TR, B REEEST
A RESE R N WIR P. gingivalis BURBUR, 138 4 h )5
2 B LK, 7E 2x10° CFU/mL W %) 4G P.
gingivalis $URRHE B R RAE, BRI H 23805 5 AR
¥R P. gingivalis 0w

.51

Response
=)

=
[

00 1 1 L L J
0 2 4 6 8 10
t(h)
El 3 BE-EEEE & E

Figure 3 Effect of culture time on the number of colonies

1.6¢

Response
o EN

=)
:

ot
)

0.6 . : . .
0 1.0 2.0 3.0 4.0
Density (x10°CFU/mL)

4 BEMIRE-EEHH%E
Figure 4 Effect of inoculation density on colony number

IgY FIEXS AL . IgY LA 3.6, 90.0.
180.0. 270.0. 360.0 mmol/L 5 MREFZZ T Hfh
2x10° CFU/mL ¥R P. gingivalis N\ T HER A Z
Hi, 37 °C JREAKE SR 4 h, KRR 257 AL A T
VL, B 5 o~ 180 mmol/L 452570 & U E R 5,
SAFIRAR

ZigU b 3 A ERAREREY, D
2x10° CFU/mL WIWIUA P. gingivalis $0, 180 mmol/L
1) IgY M, 37 °C JREHFE 4 h, NEBHIIAEH
IgY X} P. gingivalis A= EHA M I8 B S IRE
2.3 CREHERIIRED IgY X P gingivalis £E
SEAY IR Nz E A 1L
2.3.1 NI EAEE AN TR R E RIS L IgY 7
w(A). VIR P. gingivalis KU (B)FIEE IR [E](C)
Jpige R 2, AT 3 BB X gk e i fE o
17 3 Z 3 K-y i ik, g e it Angh
Rt R 3.

251

2.0F

Response
W
T

o
T

o
W

0.0 1 1 1 |
0 100 200 300 400
Dose (mmol/L)
5 IgY FIENEZHIZNT
Figure S Effect of IgY dose on colony number
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%3 Box Behnken [0 ER 30 1& 1 & Kk 16 U B 7 55 FIH Design Expert 8.0 3% 3 3 ##11 —ik£
Table 3 Box i(;l;l;ﬁ:: s(:le:fif:eamngtlelzzf)lill;;ntal results of SHELEE % o @J%% ;E&X i lgY . W ilﬁ‘ P.
gy i WV P gingivalis gingivalis $Cit RIS 35 BF ] (1) Z 0k 22500 [m] I 5 7
H%  Dose of Bkt oubation TV Ri=12.16+0.954-0.858-0.19C~1.124B-0.384C~4.244°
No. 1eY  nitial P. gingivalis oy Response —2.32B>-1.15C%,
(mmol/L)  quantity (CFU/mL)
1 180 2x10° 4 12.16 [l 22 A1 (3R 4)3FRHH, Sy () [m] DI A R
2 180 1x10° 8 8.23 P {H(<0.00 ) B2, BREHAY P (E(0.154 1)KT
3o 10 s 371 005, AEF, RUBRFIRKE A RIF. &
: ﬁ ?:; Z ;ﬁ X PAERIRE IR AT UL, 1gY M . PI4R P. gingivalis
6 16 3%10° 4 311 50 e R FR N R] (14 Y 3G Wi 7 L T Vi 8 ) 5 i)
7 180 2x10° 4 12.94 B Y [l 2 W R AR B A OC R
8 360 2x10° 8 7.53 R*=0.962 3, JH#J5 R*=0.913 8. i LR/ HHrar,
oW o DR WAL T R 1gY AR B P
. 26 2108 0 523 gingivalis BUR B FER] Z A1 R, v LA A
12 180 3x10° 0 501 FERXS TR H IgY %) P. gingivalis 4K
13 3.6 2x10° 8 9.05 FIHHEA TR > B AR T
14 360 1x10° 4 9.26 232 WREZBEEASN: SFRLERM 3D m
15180 2x10° 4 1251 187 AT LA W SR BE IgY it . WA P. gingivalis $X
o0 o ) MU AR 2 WA S R I 6 s A
17 180 2x10° 4 11.90

AR BRI, HEFRERIRIWILG P, gingivalis

x4 EPAFTESHER

Table 4 ANOVA for response surface quadratic model

T ZEAR kSTl HHE TFEIA Ty F {H P A
Source SS df MS F value P value
Model 131.87 9 14.65 19.84 0.000 4
A: Time 7.26 1 7.26 9.83 0.016 5
B: Strain 5.81 1 5.81 7.87 0.026 3
C: Dose 0.29 1 0.29 0.39 0.5515
AB 5.06 1 5.06 6.85 0.034 6
AC 0.58 1 0.58 0.78 0.405 8
BC —2.842x107" 1 —2.842x107"* —3.848x107"* 1.000 0
A 75.85 1 75.85 102.71 <0.000 1
B’ 22.61 1 22.61 30.61 0.000 9
c 5.61 1 5.61 7.60 0.028 2
Residual 5.17 7 0.74
Lack of fit 3.60 3 1.20 3.06 0.154 1
Pure error 1.57 4 0.39
Cor total 137.04 16
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A
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0.00 |
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I
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&l 6
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30 1.00 ’
00100 Ay
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Figure 6 Interaction effect of three factors on response

TE: AFIB: IgY S AN AR BE A S BAR AIOHR A R R 5 C A1 D: SRIRIN IR LY 75 9 58 HAT O e 2 7 R i 5

E Hl Fe iR [l A0 FEE 1) 52 ELA T RN e 2 B B 2 .

Note: A and B: Interaction effect of IgY dose and initial P. gingivalis quantity on response; C and D: Interaction effect of culture time and
IgY dose on response; E and F: Interaction effect of culture time and initial P. gingivalis quantity on response.

B X e WAE I (S A K . VIR P. gingivalis %X
WA IgY MM RLIERE TRIE, RUIHAH
VERSCSS, MidsFRfRIRN 1gY )& LA S R 350 [a] AN
WG P. gingivalis B )5 BRI AR THIRTE
T HACH AR

it Design Expert 8.0 #AEXT [ R 43

Br, 153085 R R e 2641428 - 1gY i 165 mmol/L
Wt P. gingivalis ¥t 1.78x10° CFU/mL . 85351}
] 4.588 h, ULALAIT, mapi{Eh 1233, % EE|
SRR, TR R AR TgY I
165 mmol/L %) P. gingivalis ¥4t 2x10° CFU/mL .
FEFREE] 4.5 he
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233 EMEHRBBEMIIE: J 1 R uEEIR I
#itk, LA 2x10° CFU/mL MM EEHEFD 1 mL P.
gingivalis R Z 4 mL A\ THERH, L 165 mmol/L
Rl ZA 2l IgY, 37 °C JREREFE 4.5 h, REIK
B 3, EImNAEA 12.28, BIEAREECH
5.92x10° CFU/mL, SHERHIIE 5.85%10° CFU/mL
FEXTIRZE R 1%, FBH IR AT DAAR G Fuy 1
AR INE T P. gingivalis WFRAEREFREAMF IgY
25205 1
3 Fuws5iwie

RN P. gingivalis TERAEFPE] N T MER
Rige, B OISR TgY B 11 IR A 00 TR
AR BRI, RN R RS b,
Box Behnken #it#AY, Xf Igy #& . #®iH P.
gingivalis B FEFRI R SE R R AT, 1580 T
AR FR A IgY F&E 165 mmol/L. #I4R P.
gingivalis ¥ 2x10° CFU/mL F5350F ] 4.5 h, 7F
IEASAE T ST A S IEL RS TgY X} P. gingivalis
RS B G AT

S PSR B T R 1 14 o Y,
Aefg S 58 11 R Solobacterium moorei W2 171 5
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moorei WRIRE NS, BRARAN TR 1 W P sl 4= Y
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